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(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify the 
manufacturing process of the optical semiconductor 
module, which needs to have its lens and lens holder 



machined with high machining precision, given high 
optical characteristics, and positioned precisely, and 
then lower the cost of the product. 
SOLUTION: The optical semiconductor module which 
has an optical semiconductor element 20 held at one 
end of its main body and also has a connection part for 
an optical connector at the other end so that its optical 




axis is aligned with the optical semiconductor element 20 
is constituted by arranging a sleeve 30 into which the 
ferrule 60 of the optical connector is inserted and held 
inside the main body and also arranging a fiber bus tab 

40 having an optical fiber 42 embedded along the center axis so that one end is inserted into 
the sleeve 30 and the other end extends to nearby the optical semiconductor element 20. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical semi-conductor module characterized by having arranged so that an OPTO 
semiconductor device is held at the end of a body, the sleeve for carrying out insertion maintenance of 
the ferrule of an optical connecter inside the above-mentioned body may be arranged, the fiber stub 
which laid the optical fiber underground in the direction of a center axis may be inserted in an end into 
the above-mentioned sleeve while having a connection with an optical connecter so that the above- 
mentioned OPTO semiconductor device and an optical axis may be made in agreement with the other 
end, and the other end may extend to near the OPTO semiconductor device. 
[Claim 2] The optical semi-conductor module according to claim 1 characterized by carrying out the 
mold of the above-mentioned sleeve and the fiber stub to the body made of resin. 
[Claim 3] The optical semi-conductor module according to claim 1 characterized by having plated to the 
inner skin and the peripheral face of a fiber stub while forming the above-mentioned body with a metal. 
[Claim 4] The optical semi-conductor module according to claim 1 characterized by having made the 
OPTO semiconductor device side edge side of the optical fiber with which the above-mentioned fiber 
stub was equipped into the configuration which constitutes a lens operation. 

[Claim 5] The optical semi-conductor module according to claim 1 characterized by the core diameter in 
Ae OPTO semiconductor device side edge side of the optical fiber with which the above-mentioned 
fiber stub was equipped being larger than the core diameter of other parts. 

[Claim 6] The optical semi-conductor module characterized by having held the OPTO semiconductor 
device at the end of a body, having arranged the sleeve for carrying out insertion maintenance of the 
ferrule of an optical connecter inside the above-mentioned body, and holding a lens inside this sleeve 
inside while having the connection with an optical connecter so that the above-mentioned OPTO 
semiconductor device and an optical axis might be made in agreement with the other end. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical semi-conductor 

module used for optical communication. 

[0002] 

[Description of the Prior Art] The structure of a receptacle type light semi-conductor module As shown 
in drawing 7 , make the end of the metal receptacle body 71 into the optical connecter connection 72, 
and the component attachment component 73 is joined to an other end side. This component attachment 
component 73 is equipped with OPTO semiconductor devices 74, such as laser diode (LD) and a 
photodiode (PD). Moreover, while having the sleeve 75 for carrying out insertion maintenance of the 
ferrule by the side of an optical connecter inside the receptacle body 71, it has structure which has 
arranged the lens 77 through a lens holder 76 between this sleeve and OPTO semiconductor device 74. 
[0003] And if the optical connecter (un-illustrating) which has a ferrule holding an optical fiber is 
connected to the above-mentioned optical connecter connection 72 and this ferrule is inserted in a sleeve 
75, the lightwave signal of OPTO semiconductor device 74 can be transmitted. For example, OPTO 
semiconductor device 74 is transmitted to the optical fiber in the ferrule to which in the case of light 
emitting devices, such as LD, it converged with the lens 77 and the outgoing radiation light from OPTO 
semiconductor device 74 held in the sleeve 75, and it converges with a lens 77 and the light by which 
outgoing radiation was carried out fi-om the optical fiber in the ferrule to which the OPTO 
semiconductor device held in the sleeve 75 in the case of photo detectors, such as PD, transmits to 
OPTO semiconductor device 74. 

[0004] Therefore, alignment is performed to a precision between above-mentioned OPTO 
semiconductor device 74, a lens 77, and a sleeve 75, and it has fixed each part material by welding etc. 
[0005] 

[Problem(s) to be Solved by the Invention] however, in the above-mentioned optical semi-conductor 
module, three members of OPTO semiconductor device 74, a lens 77, and a sleeve 75 from a mutual 
medial axis (optical axis) being made in agreement Since high process tolerance and a high optical 
property were required of the lens 77 or the lens holder 76 and they moreover needed to carry out 
alignment of the three above-mentioned member to the precision at the time of assembly, they had the 
trouble that it was difiFicuh to simplify a production process and the cost of a product became high as a 
result. 

[0006] Moreover, since between a lens 77 and lens holders 76 may be airtightly closed depending on an 
application and both joint needed to be equipped with encapsulant in this case, it pretreated in the 
closure section, or the regurgitation process of encapsulant was needed, and there was a trouble that a 
production process became still more complicated. 
[0007] 

[Means for Solving the Problem] Then, this invention holds an OPTO semiconductor device at the end 
of a body, and sets it to the optical semi-conductor module which has a connection with an optical 
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connecter so that the above-mentioned OPTO semiconductor device and an optical axis may be made in 
agreement with the other end. While arranging the sleeve for carrying out insertion maintenance of the 
ferrule of an optical connecter inside the above-mentioned body It is characterized by having arranged 
the fiber stub which laid the optical fiber underground in the direction of a center axis so that it may be 
inserted in an end into the above-mentioned sleeve and the other end may extend to near the OPTO 
semiconductor device. 

[0008] That is, this invention is made to transmit the ferrule by the side of the optical connecter inserted 
into a sleeve, and light between OPTO semiconductor devices by the fiber stub. And since the end is 
inserted into the sleeve, this fiber stub contacts the ferrule by the side of an optical connecter, and when 
the other end extends to near the OPTO semiconductor device, it can transmit light between a fiber stub 
and an OPTO semiconductor device, without using a convergent lens. 

[0009] Thus, according to this invention, it is not necessary to use a lens. Moreover, a fiber stub should 
perform alignment, only when alignment with a sleeve is performed automatically and an OPTO 
semiconductor device is joined fi"om inserting an end into a sleeve. Therefore, a production process can 
be simplified. 

[0010] Moreover, a production process can be fiirther simplified by carrying out the mold of the above- 
mentioned sleeve and the fiber stub to the body made of resin. 

[001 1] Or by plating to the inner skin and the peripheral face of a fiber stub, while forming the above- 
mentioned body with a metal, if it joins v^dth solder etc., a hermetic seal can also be carried out. 
[0012] Furthermore, the light transmitted between a fiber stub and an OPTO semiconductor device can 
be completed by giving a lens operation to the OPTO semiconductor device side edge side of the optical 
fiber with which the above-mentioned fiber stub was equipped. 

[0013] By similarly making larger than the core diameter of other parts the core diameter in the OPTO 

semiconductor device side edge side of the optical fiber with which the above-mentioned fiber stub was 

equipped, the diameter of a spot of the light transmitted between a fiber stub and an OPTO 

semiconductor device can be made small, and positive transmission can be performed. 

[0014] Moreover, this invention is characterized by having held the OPTO semiconductor device at the 

end of a body, and holding a lens inside this sleeve, while having arranged the sleeve for carrying out 

insertion maintenance of the ferrule of an optical connecter inside a body in the optical semi-conductor 

module which has a connection with an optical connecter so that the above-mentioned OPTO 

semiconductor device and an optical axis may be made in agreement with the other end. 

[0015] That is, without using a lens holder by having held the lens in the sleeve, the medial axis of a lens 

and a sleeve will be automatically in agreement, and a production process can be simplified. 

[0016] 

[Embodiment of the Invention] Drawing explains the 1st operation gestalt of this invention below. 
[0017] As a receptacle mold OPTO semiconductor device module is shown in drawing 1 , the receptacle 
body 10 which consists of resin had the component attaching part 12, and joined the optical connecter 
connection 11, and equips the above-mentioned component attaching part 12 with OPTO semiconductor 
device 20. Moreover, while having a sleeve 30 inside the receptacle body 10, the end was mserted into 
this sleeve 30, and it has the fiber stub 40 so that the other end may extend even to about 20 OPTO 
semiconductor device. 

[0018] This receptacle body 10 is formed with resin, such as polybutylene terephthalate (PBT), a liquid 
crystal polymer (LCP), and polyether imide (PEI), and has carried out mold shaping of a sleeve 30 and 
the fiber stub 40 in one by the process mentioned later. Moreover, the optical connecter connection 1 1 
consists of fitting section 1 la and case 1 lb, and can connect SC mold optical connecter now. 
[0019] Moreover, OPTO semiconductor device 20 consists of photo detectors, such as light emitting 
devices, such as LD, or PD, and is joined to the component attaching part 12 of the receptacle body 10 
with means, such as press fit and adhesion. 

[0020] Furthermore, a sleeve 30 is a cylinder object which consists of a metal or ceramics, the ferrule 60 
by the side of an optical connecter is inserted in the inner skin, and the peripheral face is held completely 
at the receptacle body 10. 
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[0021] Moreover, in the central through tube of the ferrule 41 made from the ceramics, the fiber stub 40 
inserts an optical fiber 42, and fixes it with adhesives etc. The end was inserted into the sleeve 30, the 
other end was held by the projection and the receptacle body 10 from this sleeve 30, and this fiber stub 
42 has extended to near OPTO semiconductor device 20. 

[0022] Therefore, when an optical connecter is connected, the ferrule 60 by the side of a connector will 
be positioned in contact with this fiber stub 40, and the light by which outgoing radiation was carried out 
from the optical fiber 61 in a ferrule 60 will be transmitted to OPTO semiconductor device 20 through 
the optical fiber 42 in the fiber stub 40. Since the fiber stub 40 has extended even to about 20 OPTO 
semiconductor device at this time, light can be transmitted to OPTO semiconductor device 20, without 
using a lens. In addition, it says that the distance d of the end face of the fiber stub 40 and OPTO 
semiconductor device 20 is 6mm or less as the fiber stub 40 has extended even to about 20 OPTO 
semiconductor device. 

[0023] Thus, while acting as a stopper of the ferrule 60 by the side of an optical connecter by having the 
fiber stub 40, transmission of the optical fiber 61 in a ferrule 60 and the light between OPTO 
semiconductor devices 20 can be ensured. 

[0024] In addition, since the fiber stub 40 is inserting the end in a sleeve 30, corresponds automatically 
and should perform only alignment between OPTO semiconductor devices 20, it can simplify a 
production process. [ the medial axis's (optical axis) with a sleeve 30 ] 

[0025] Next, the manufacture approach of the optical semi-conductor module shown in drawing 1 is 
explained. 

[0026] As the structure of metal mold is shown in drawing 2 , the receptacle body 10 is formed by 
joining the end of the fiber stub 40 to a sleeve 30 by press fit or adhesion first, fitting this sleeve 30 into 
the body 101 of the up metal mold 100, slushing resin into the space 130 formed by each metal mold, 
and carrying out mold shaping, where the lower metal mold 110 and the flank metal mold 120 are 
combined. While holding the peripheral face of a sleeve 30 covering an overall length at this time, the 
receptacle body 10 constitutes so that the fiber stub 40 may also be held. 

[0027] If resin hardens, it will take out from metal mold, the optical connecter joint 1 1 will be joined 
and OPTO semiconductor device 20 will be joined, an optical semi-conductor module will be obtained. 
[0028] According to the above-mentioned manufacture approach, the optical semi-conductor module 
which prevented the imperfect alignment of a sleeve 30 can be obtained easily. 
[0029] Next, the 2nd operation gestalt is explained. 

[0030] As a receptacle mold OPTO semiconductor device module is shown in drawing 3 , the metal 
receptacle body 10 has a through tube in the center, and, on the other hand, has joined the metal fiber 
stub attachment component 14 and the metal component attachment component 13 to another side one 
end by YAG welding etc. by making one end into the optical connecter cormection 11. While joining 
OPTO semiconductor device 20 which consists of photo detectors, such as light emitting devices, such 
as LD, or PD, and arranging a sleeve 30 inside the receptacle body 10 and inserting an end in this sleeve 
30, this component attachment component 13 is equipped with the fiber stub 40 so that the other end 
may extend even to OPTO semiconductor device 20. 

[0031] The above-mentioned fiber stub 40 inserts in a feed hole the optical fiber 42 by which the metal 
coat was carried out to the inner skin 43 of the main through tube of the ferrule 41 made from the 
ceramics by plating gold etc., and fixes it with solder etc. Moreover, golden plating is performed also to 
the peripheral face 44 of the fiber stub 40, the end of this fiber stub 40 is inserted in a sleeve 30, and the 
other end is projected from a sleeve 30, it fills up ****** 14a of the fiber stub attachment component 14 
with solder etc., and is joined to it. 

[0032] Thus, the hermetic seal of OPTO semiconductor device 20 can be carried out in this fiber stub 40 
part by plating gold etc. to the inner skin 43 of the ferrule 41 which makes the fiber stub 40, and a 
peripheral face 44, and fixing with solder etc. 

[0033] Moreover, in this fiber stub 40, the end face by the side of OPTO semiconductor device 20 serves 
as the shape of a taper side where a center section projects, or the spherical surface. That is, the end face 
45 by the side of OPTO semiconductor device 20 of an optical fiber 42 serves as the shape of a convex 
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taper side or the spherical surface, and constitutes an operation of a convex lens. 
[0034] Therefore, when an optical connecter is connected to this optical semi-conductor module, the 
light transmitted from the optical connecter side passes the optical fiber 42 of the fiber stub 40, and since 
it converges in a lens operation of that end face 45 and is transmitted to OPTO semiconductor device 20, 
it does not need to be equipped with a lens as another member. 

[0035] In addition, a sleeve 30 and the medial axis (optical axis) of the fiber stub 40 will correspond 
automatically by holding an end in the condition of having inserted into the sleeve 30. On the other 
hand, although OPTO semiconductor device 20 is beforehand joined to the component attachment 
component 13 with means, such as adhesion, press fit, and welding, and this component attachment 
component 13 and the fiber stub attachment component 14 are fixed by YAG welding etc. in case OPTO 
semiconductor device 20 is joined After positioning so that the direction of an optical axis of this 
Tokimitsu semiconductor device 20 and the medial axis of the fiber stub 40 may be in agreement and 
distance of OPTO semiconductor device 20 and the end face of the fiber stub 40 may be made small 
enough, it fixes by YAG welding etc. 

[0036] If it does in this way, it will become possible to position easily a sleeve 30, the fiber stub 40, and 
OPTO semiconductor device 20 for a high precision. 
[0037] Next, the 3rd operation gestalt is explained. 

[0038] Although the structure of the optical semi-conductor module itself is the same as that of what 
was shown in drawing 1 or drawing 3 , in the end face 45 by the side of OPTO semiconductor device 20 
of the optical fiber 42 which equipped the fiber stub 40 with the sectional view of the fiber stub 40 as 
shown in drawing 4 , the path D of core 42a is large compared with other parts. That is, the optical fiber 
42 consists of core 42a with a high refractive index, and clad 42b with the low refractive index of the 
perimeter, and although the path of core 42a is usually fixed, the path D of core 42a is enlarged in the 
end face 45. 

[0039] Since the optical fiber 42 to which the path D of such core 42a was expanded can make small 
whenever [ angle-of-divergence / of the light by which outgoing radiation is carried out from an end face 
45 ], it can make small the diameter of a spot of the Hght transmitted to OPTO semiconductor device 20, 
without using a lens. 

[0040] For example, since the light-receiving side generally has only an about 80-100-micrometer 
diameter when using PD as OPTO semiconductor device 20, if the diameter of a spot of the light 
transmitted becomes more than this, light will no longer be transmitted completely. And in the usual 
optical fiber whose core diameter is about 10 micrometers, since the diameter of a spot becomes 100 
micrometers in the location whose distance from an optical fiber end face is about 500 micrometers, 
distance of an optical fiber end face and OPTO semiconductor device 20 must be set to 500 micrometers 
or less. 

[0041] On the other hand, according to this invention, 700 micrometers or more of distance until the 
diameter of a spot of the light by which outgoing radiation was carried out is set to 100 micrometers 
from an end face 45 can be preferably set to 1000 micrometers or more by setting preferably 15 
micrometers or more of core diameter D of an end face 45 to 20 micrometers or more. Therefore, it 
becomes possible to enlarge distance of the end face 45 of an optical fiber 42, and OPTO semiconductor 
device 20, and tolerance on a design can be enlarged, 

[0042] Furthermore, as shown in drawing 4 (A), reflection is prevented and the end face 46 by the side 
of one optical connecter has been made for this fiber stub 40 to make a slant face the end face 45 by the 
side of an OPTO semiconductor device, and to make high joint effectiveness v^th the ferrule by the side 
of an optical connecter as the shape of the spherical surface. 

[0043] In addition, in the above operation gestaU, if AR coat which prevents reflective retum light is 
given to the end face 45 of the optical fiber 42 of the fiber stub 40, reflection of the light in this end face 
45 can be prevented. 

[0044] moreover, zirconia ceramics with reinforcement and toughness high as the quality of the material 
of the ferrule 41 which accomplishes a sleeve 30 and the fiber stub 40 - desirable especially - Y2 
03, MgO, CaO and Ce02, and Dy 203 etc. - the partial stabilization zirconia ceramics which contained 
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the stabilizing agent more than a kind at least are the optimal. 
[0045] Next, the 4th operation gestalt of this invention is explained. 

[0046] Although the structure of the optical semi-conductor module itself is the same as that of what 
was shown in drawing 1 or drawing 3 , as shown in drawing 5 (A), it is made into the structure equipped 
with the fiber stub 40 and the lens 50 inside the sleeve 30 in the sectional view of only a sleeve 30 and 
its inside. 

[0047] Although the above-mentioned sleeve 30 and the fiber stub 40 are the same as that of the above- 
mentioned operation gestalt, the fiber stub 40 is completely arranged in a sleeve 30, and is being fixed 
by press fit or adhesion. Moreover, a lens 50 is in the condition which contacted the end face 45 by the 
side of OPTO semiconductor device 20 of the above-mentioned fiber stub 40, and is being fixed by 
press fit or adhesion in the sleeve 30. 

[0048] Therefore, when it connects with an optical connecter, it vAW converge with a lens 50 through the 
fiber stub 40, and the light transmitted from the optical connecter side will be transmitted to OPTO 
semiconductor device 20. At this fime, by having fixed the lens 50 directly inside the sleeve 40, the 
medial axis of a sleeve 30 and a lens 50 is automatically in agreement, and a leris holder becomes 
possible [ manufacturing a highly precise optical semi-conductor module easily ] from it being 
unnecessary. 

[0049] In addition, the quality of the material of a lens 50 consists of the quality of the material which 
the optical fiber by the side of an optical connecter, the optical fiber 42 of the fiber stub 40, and the 
refractive index are [ the quality of the material ] in agreement or approximate, for example, a quartz, a 
fused quartz, FK, BK, etc. And since this lens 50 is in contact with the end face 45 of the fiber stub 40, it 
prevents reflection of the light in the above-mentioned end face 45 and the end face of a lens 50, 
suppresses attenuation of light, and makes high-speed optical communication possible. 
[0050] Moreover, as a lens 50, the selfoc micro lens of a refractive-index distribution pattern can also be 
used. 

[0051] Furthermore, although drawing 5 (A) showed the thing of the structure equipped with the fiber 
stub 40 in the sleeve 30, it is not necessary to necessarily have the fiber stub 40. For example, while 
equipping a sleeve 30 with a lens 50, insertion immobilization of the ferrule holding the end of an 
optical fiber can be carried out at the above-mentioned sleeve 30, and the optical semi-conductor module 
of a pig taele mold can be constituted by using the other end of the above-mentioned optical fiber as an 
optical connecter. 

[0052] Moreover, as other operation gestalten, as shown in drawing 5 (B), the lens 50 which made 
alignment beforehand the OPTO semiconductor device 20 side-edge side of the fiber stub 40 which it 
had in the sleeve 30 is also directly joinable. 

[0053] Furthermore, as other operation gestalten, as shown in drawing 6 (A), OPTO semiconductor 
device 20 is joined to the receptacle body 10 made of resin, and while having a sleeve 30 inside and 
holding the fiber stub 40 in this sleeve 30, a lens 50 is joined between the fiber stub 40 in the through 
tube of the receptacle body 10, and OPTO semiconductor device 20. 

[0054] Moreover, as a modification of drawing 6 (A), as shown in drawing 6 (B), it can have the metal 
sleeve holder 55 holding a sleeve 30 inside the receptacle body 10, and a lens 50 can also be joined to it 
inside this sleeve holder 55. 
[0055] 

[Effect of the Invention] In the optical semi-conductor module which has a connection with an optical 
connecter according to this invention as mentioned above so that an OPTO semiconductor device may 
be held at the end of a body and the above-mentioned OPTO semiconductor device and an optical axis 
may be made in agreement with the other end While arranging the sleeve for carrying out insertion 
maintenance of the ferrule of an optical connecter inside [ which makes an optical connecter 
connection ] a body By having inserted in the end the fiber stub which laid the optical fiber underground 
in the direction of a center axis into the above-mentioned sleeve, and having arranged it so that the other 
end may extend to near the OPTO semiconductor device Since it is not necessary to use a convergent 
lens and alignment between a sleeve, a fiber stub, and an OPTO semiconductor device can moreover be 
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easily made highly precise, a production process can be simplified and it can consider as low cost. 
[0056] Moreover, a production process can be further simplified by carrying out the mold of the above- 
mentioned sleeve and the fiber stub to the body made of resin. 

[0057] Or while forming the above-mentioned body with a metal, a hermetic seal can also be carried out 
by plating to the inner skin and the peripheral face of a fiber stub. 

[0058] Furthermore, the light transmitted between a fiber stub and an OPTO semiconductor device can 
be completed by giving a lens operation to the OPTO semiconductor device side edge side of the optical 
fiber with which the above-mentioned fiber stub was equipped. 

[0059] The light transmitted between a fiber stub and an OPTO semiconductor device can be completed 
by similarly making larger than the core diameter of other parts the core diameter in the OPTO 
semiconductor device side edge side of the optical fiber with which the above-mentioned fiber stub was 
equipped. 

[0060] Moreover, this invention holds an OPTO semiconductor device at the end of a body, and sets it 
to the optical semi-conductor module which has a connection with an optical connecter so that the 
above-mentioned OPTO semiconductor device and an optical axis may be made in agreement with the 
other end. While arranging the sleeve for carrying out insertion maintenance of the ferrule of an optical 
connecter inside [ which makes an optical connecter connection ] a body Without using a lens holder by 
having held the lens inside this sleeve, the medial axis of a lens and a sleeve will be automatically in 
agreement, a production process can be simpUfied, and it can consider as low cost. 



[Translation done.] 
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7 7 , X 'J -:/7 5<r)mimm^zm.^h'±m\ # 

[0005] 

[iiBj^^mLidt-r^ns] tzhtK iMmm- 

7, xu-r? 503g|5*t{i2v><^*'C# <3Kfl!l) 
gt§-«i:=5rttixtf^'^.^v^ifc*^^>. uyX7 7^w-yX 
*;l/:r7 6«;SV^JplSS^^:»ttSrS$§ix. L*> 

fz. 

[0006] tfz. mmizx-iXiiuyxi 7 tuyx 
t^fi'i!^! 6<^m^iz$i±i-i^m*) . Zff)^ 
m^m^mz$i±m^mih-mmiz 1 1^^ . 

n^mztMi'^'y fz 0 . J«OttajXg*i£>St 

^ro. m&j.wf^t^izmk\.z^j:tt\^mmj^i)'^ 

fz. 

[0007 ] 

wmhtbuz. ^mmimz±yr^j^^:m.L 
tzyT^jwz^i. -ffl*>'±iex u -^mznx^ 
ti. ^ifi^^wm^f-i&m^ T'Sft^s i 0 idea l 

[0008] fiD*>, *^BMX 'J -y^tif A$^lS3te 

C:<7)7r^VN-x^'7'«-WXU-7'l*I(CJfA?tl 
•CV^S/^jir). 7K3;r.^^iPJc7)7x;U-;l^i:itgL, ffiJg 

X^fflv>|, c: k!5:< 7 r VN'X^ T-k^feif^ilcS^iaT 

[0009] C<OJ: p *l%BJt;:J:mfU'yXS:fflv^ 
S^-SA^^rV^ ttz. 7r'f>'N'x^'7'{i-«$-xy-7" 
l*ltffA-ri.^k*^4., etllWlcx'J-:/kcr)fi![S-^:b 

{oo\o \ tfz. ±iBx D -rmy r ^ a-x^ rs: 
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[0011] iJB2|s«c^^m-CJBfi!t-tS t 

[00 12] $^>tc, m.yr^^'^x^-fi.zmi.tzity 
r ^ j<'(n>^mwm'mm^t<zvyxm^wz^hz 
ttctoT. yrAJ^x-^ytmmwm^mzBm- 

[00 13] nmz. ±.iiyrAf^x^nzmttz±y 
7 i^<r)mmw.m=i-mmf.zmi> ^ Tmm:r>m 

<n:nr'i^i.y)i,±^<^h:it\izii^x . yr^f^x^ 

'fh^mm'f-^f.z\m-ft±(r)xr^^'j vm'h^ < 

[ 0 0 1 4 ] it/c. ^ma. ^i^co-mz^^m 
"frnwi. mi,z±ii±^^mm'f-bmi~w:^^ 

[00 15]IP-^. L-yXSrXy-yi^tcftftL/cClt 
[00 16] 

[I6B3<0|ISS<0».^] JaT*^BH«Ol|l<OllM}gl[^ll 

[ 0 0 1 7 ] H 'J -tr:? i-'a 
-;l/^^-r J: 0 fc, mj|*^^>^-5 'J-fer^'^';U2|sft: 1 0 

iimTmsiii2i:^i. t--^±a^^^mmm i^ 
jf-&L^ctc7)T^'5, ±ie«i^«j^a5i 2i<z%^m: 

m^ziix^j-rsomthbtii^z. ^x'j-r3 0 

l^-thXo\,zyr^f^X'^-XAOi:mx.X^^h. 

[0 0 18] c:<oy^r7•^'^'y^3|s:frl oli. ^'jy^u 

yT^7:?^-h (PBT) , ?g#H*f'J-7- (LC 

p ) , ^ux-r;w s H ( PE I ) mcnmuzi. m 

^^ix. ^mthmm^zii'^x. xv-^SOtyr^ 
A-xi'y4 02:-*«C^-;UH^LT*>l.. tt:^ 
^'Ifgggp 1 1 a, «c^gB 1 1 a i ^-x 1 1 b*^ 

[0 0 19] tfz. ife^i^m'F20{i. LD^cOffet 
S^^^c(iPD^<^jtS^*»(;>:5rO. 'J-irr^^;l^* 
f*l Oc7)#^J#g|51 2tCffiA. ««^iO#fa-C«^$ 

[0 0 2 0] §^>tC. X'J-7"3 0«. y 



<O7x;U-/U6OS:JfA-ri.J:^{c^-5Tl3 0, Hi^ffi 
H^^t'J-fer^^';P**i OfcfiM^^ilTV^S. 
[002 1 ] tJt. 7r-^>'N'X:5'y4 0(4. -t^^-x:? 
XS?C07 xJU-)V4 1 <04'*MjiTL4't;7e7 r -Y>'-v4 2 

J^X^fA 2t4-ffi*^'X'J-7'3 OrttCif A$ix, ffiJS 
ti^Zcr)XV-y3 0i)^(>mi^l. 'J-fer^'^;l^**t:l 0 
Tei}^$^lT3t¥««5^^^2 0<7)iS<^lLT-®«ELTV^ 

[0022] wcifj. ^^^-^i^^mucmz. 3 

^^^'^i!lO7x;P-;l/6 0t4. C:<07t-<>'n*x^'7'4 0 
tSg^L.-Cfi[»*»6$iX. 7x;l/-;P6 0f«>I«05fe7r-< 
A'6 l*><^,aiit$il^3ta7T'f A'X^7'4 0rt<^7 
r ^ M-4 2 fflo T3e^*^^ 2 0 CfSM C: t 
t^rl.. ;<Ofc^. 7r'fVN'X^'7'4 0*«3K^*S^ 

2 0mtXimLX\>^hfzib. WyXm\^tZt^j: 

< m^^mm^ 2 0 {zim-t^z t *>'-e§ i. . =5: 

fc\ 7 r ^ ^"^X^y-A 0 i)^^^mi¥m^2 O ifi^^ T-® 
«EL-Ct^l.t{4, 7r'fVN-;?.:?y4 0<^«fflfc3fei|i^«s 

2 0 fc <^5E8i d 7i« 6 m mtilTT* & i; iSrW o . 
[0023] dc^Jjtot;:, yT-!^<x^f4 0^:mil 
.ItlCi-D-C. 3fe3:t^:J':J'lic7)7i;l'-/l/6 OcOXb-y 

[0024] ^fc. yr^y^x^s^yAOii-mxv- 
y3 0tJfAL-CV>|,Jti6, X'J-7'3 0t<7)4i,i:^ 

[0025] mzm 1 {c^3t*#ft^ V A-;P«oi8Jt 

[0026] m2^z^mmmi^-ti a tc. i-f'x u 

-7'30{C7T-f>'N'X^7'40 <0-«$rEAXtt^tC 

J:Ofi?-^L, >I<?)X>J-y3 0^±gi5^Sl OOion® 
gPlOlH^U TSS^l 10. ligl5^Sl20Sr 
ifi^^i7li:/i4^®-C, «-^t=J:^T}^JS$ni.^l 

3 0 ^^ffl|]|5■5gLa^T'^-;^ Kji!yei-|> ; t J: O . 

'J-fe7':J'^';l/*f*:l 0$rJgfig;-ri>. ZC^m. 'J-^r^i' 
;p**10*\ xU-7'3 0<D?hjlMS:^*ti3f>:oT 
ffi^-^-Sfefctfc. yr^^<x^y4 0i:i>9mi'i^ 

oizmm-h. 

[0027] m^imituz(i^^(:>mtiii. 

[0028] IsiCOmm-mizXiX^S. X 'J -7'3 0<r) 

[0029] mzm 2 (r)mmmt:mmh . 



(4) !Nfra¥9-6 1673 



[ 0 0 3 0 ] 0 3 1 'J -tr ^' vjl 
*fe:«)lfL2:^rL, -:frSgffl!l5:jKrI;^^':^'ggga5l it 

LT , ffi:6-affltcifemi3co7 T -(^'^x^:rmm 1 4 

tSl^filJtaSff 1 3$rYAGig«^KJ: OS^LT* 

L , ifz V 1 0 tOrtHlttiX U -7" 3 O 

S-HSL. giX'J-y3 0{C-3S*m$ni.i:i;i, 

A';^^' 7'4 0 *>'«|<i ioilX^^h . 
1003 1] ±127 r'f>'U:J'7'40tt, ■b^i /^'X 
iSC07 ^)V-)VA 1 04"C«jifLOrtjgW4 3l=Ji^^ 
<7)^-y=¥$riiL, ^ ^' h§it;it3t7 7^(^-4 2 ^ 

7 T ^ A';^ 7'4 0 c^i'l-Jf ffl 4 4 i, .y *S5| 

^iltfcO. C:<JD7T-fA'X:5'7'4 0c7)-Jig{iX'J-7" 

3 0tifA$ii, fi!!ffitiX'J-7"3 0*>/i>§^aiLr7T 
'f A-;^:?7'»j$g|5«l 4C0Ji^') 1 4 afc^Ba«^3E« 

[0032] 7T-^A-x^7"4 0^<tt7 

s.)V-)VA 1 <7)rt)lffi4 3 , ?hJSffi4 4 {C^^<?5^ •y=3f 

;^ 7*4 0aJt»-C3fe^«c3g^ 2 0 Sr$i?^±-rS i fc 

[00 33] ^7t, C:<7)7r-^'A'X^'7"4 0^^fcV^T. 

4 2(n±^m.W.%l-2 0iI<OSffi4 5*ii!]i«cr)T-A-ffi 

[0034] ^<7)3t^«st i^'ju-^l^t^t^ 

ti. 7r-fA';?.:J'7"4 0<7)3fc7r'f A'4 2^jBiL.. -e 
<7)ffiffi4 5<7)UyXf^fflTlR«$<lT3t^f*c3g^ 2 0 

[0 0 3 5]'5rt5, 7r-fA'x^7'4 0{i. -«^;^'J 
-73 0 rttlf A Lfc^^T-^i^-ri. i t J; 0 , Sift 
6<jl::x'J-7'3 0i;*C>M *-'-Sct-|. C: i: {c^ 

-:^r. jt^*#T2 0&«^-ti.m. "f^m^ 

2 0 ^sR^jtaw 1 3 kshs. ka. 

I . z (Tim^mns^n 1 3 1 7 r ^ a-x 3^ 
runm 1 4 1 $r y a oitsif -es^i-i. . sob^ 

2 0 c^mSrifl 1 7 T >f A*>^ 4 0 C7)cf 
'(Mti^-Wi. L , ^^-o^t^^i:^?^ 20t7r>fA-X:5'7' 
4 0 OWt^oSESI^JEii-tC'hS < 1" i ^ ttta;9W6 

[0036] CKOiofc-mtf, X»;-7'30. yr^ 
A';^^7'4 0. 3£^f*fg^2 0S:^fc:ffii,^»Sfe:fi[ 



[0037] mzm3<ommmmmh . 

[00381 3K^«st>''a-/l'a*Oliittt. 0 1 * 

3 tC^ L7t t PI«TJ) I. 7 T ^ A'X 7 
4O(?)ffliBiaSr04C5^f J:^tCs 7r-< a-;?.:?74 0 
fc:m3tjK7r'f A*4 2<7)3fei|iS|fi|sS^2 0ffl!l<7)^ffi4 
StlfcV^T, ar4 2ac7)gD*i^<^ffi<0g?:»-tCJt^r 

V^n7'4 2at-5-<0jMHc7)®i)f$c0<SV^^'7-y h'4 2b 

Jgffl4 5fc:fcv^-C3r4 2ac7)gDS-::*:#<LT*) 

I.. 

[00 39] ::<iOj:5^374 2aco@D5rfifc*:Uc* 
7r^A'4 2«. ^4 5*»4>ailt$<XS3K<0/A7!»«'9« 

^£<^^wm^20izimth^(^x4(-/ vmA^^ 
<xt&<r)Xf)h. 

[0040] C?lJ;t{f, 7t^*3g^20t LTPDi^ffl 
V^S^. -?-«^S3K®li-^{;8 0- 1 0 0 mSigcT) 

*n 0;umSSc7)jl^c;)5t7r'f A'-eti. 3t7r>f A'S 

OOx/mfc^roTL^ oC:fc*'^>. je7r>f -'■^fflfcjK 
^f*c«^ 2 Ot<Dmmi: 5 0 0 /xmOTt LTfc***! 

[0 04 1] *%BJ{^J:ii{i\ «ffl4 5co 

nrSDSrl SjumJaJi, »*L<t±20/tmtU:fc-r 

S*<10 0jumt^r|,iT«8E«iS:7 0 0jumah, » 
* U<til 000/imJa±fc-ri,Cfc5!)«T#S, Wo 

3t7r-<A'4 2i0ffiffi4 5i:3t^ftS^2 0f:C0 

[0042] §^>t, 04 (A) tC^^-riotC, CK07 

ffl^^fc t•C3fc3;^^'^'(l(<?)7J:;^-;^t<o^■^s^l^s•iS 

<-ri.J:otctTJ)l.. 

[ 0 0 4 3 ] ^rfc , W±(^SISfiJg.^tcfcl, ^-C . 7 r ^ A' 
X^'y4 0c0jt7r^ A'4 2c0«ffl4 StCtiRWHOjt 
^R&ih-^-SARa-h^lgLTtJWf. iW«iB4 5-C 

«0jKc7)RSt?:©jl:-f I. CI t *^Tl^ I . 

[00441 tfz. xo-rsom/yr-^^^x^y-A 
0SrjS-f7x;i^-;P4 KD^nt LXii. 5*S, Stto 

2 O3 , MgO, CaO, CeOt . Dyj O3 ^(D'J'- 

[00451 ikiz. :^wmm4 (Tmmmmmt 
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[0046] jt^^**i-'A-/PS«scO«it«, m 1 1 

r/^cr)j^m(r)^cr>mmm^:m5 (a) t^-riat. x 

U-7'3 0<7)|*|{B!HC7 r-fVN':^^7'4 0X1/1^:^X5 0 
[ 0 0 4 7 ] ±iex y 3 0&t/f7 r A'X:5'7'4 0 
y 4 0 li^izx 'J -y 3 0 ii. jEA^ 7tt± 

Oc7)3t^f*:S^ 2 0ia<7)Sffl4 5{cStS 

[0 0 48] 5t3^^^^i:Jf8!Uc|gl:. 3t 

3^^^ :?ffl*^'if5ili$ix/c€a7 r ■<^N'J^^'7'4 0 S-il 
-3TVyX5 0TlRm$*I-C. 3fc^«cS^2 0tceiM 

3 0 1 yx 5 0 to+'i:>tt*5:-i: l , u yx^^jiyt^'^- 

[004 9] ^fe, i-yxsocottmi. ^^^^ifm 
(r>±7 r AJ^'^y r j^-x^VA 0 <r)±y r >n'4 2 1 

cr)VyX5 0\.±yr^J-<.X^zrA 0<7)ffiffi4 StS^t 
tv^|,::i:*'f>. ±ieaffi4 sat/kVXSOCOSfgffiT 

[ 0 0 5 0 ] tTt. u-yX5 0 1 LXf.imtlimt^m.(r> 

[005 1] ^ht,Z. 05 (A) T'{i7T^>'<;^^'7'4 
0 5:X 3 0 n^zmttzm&c^i^cri^^LtztK 
■rLi>7r'f^N';?,^'7'4 0$rfiixl.«£:-Sti^rv\ |5iJ;t 
tf, X'J-7'30aiU>X50^fii/.Si:tt,t. 3t 
7 T ^ A-o-«Sr L-fc 7 x;P-;l^?: ±i2X U - 7" 3 
OtclfAliSLs ±ie3t7r^>'N'<0fl!2«$r5t3^:?^'i: 

[0052] ^z:!, m(r>%mBmb Lx.ms ( b ) 

;^U-7'3 0l*IlC(a;i/i7r^/N*X^7'4 

[00 53] $^>ti. tii<r>mimWitix. me (a) 

iZT^tX 0 izmmff) y -trr:? 1 0 tjK^li^f^c 

3^^205:S^t, l*I{iltXU-7'30Sr{i;c, K^^U 
-7" 3 OrttC7 r-f >'N';^^'7'4 0 iUntl tti>l,Z. 
'J -t r ^' 1 0 omfflfLCfc It ■& 7 T -f V U 7" 

4 0 1 it^l^W:^^ 20eomiZUyX5 0i:m-^Ltii> 



[0054] ttz. He (A) co^mtix, me 

(E) IZ^stioiZ. •J-b7'^';?;l'*«Jl Ocr)|*3Wc, 

xy-7'3 ommi±sm<oxv-:/t^)\^i^5 si 

mi. :i^x^}-yii-^)vy5 5<r>nmzvyX5Qim 
[0055] 

mz±^w-m=?-imL. ^mzm±^mm=ft 

fzifxnx y -7'S:ieai-s kthiz. 'p^mmmiz^ 
yr^j^^mmLtzyr^j^xifyi. -^ifliix u 

hi.r>^ztm.Lfz:ibizi:-^X, JR^^yXSrfflv^-S.£- 
S**^r<. L*>tx>J-7', 7r'f>''<;^:?7'. 3fe4i«* 

[00561 Sl^c. ±iex'J-7'St/7r-f A'X:5'7'Sr 
mm<r>^W\z^-)VY'^h:itizj:^X. $<?>tiSJi 

[0 0 57] J>|.VHi. ±ie**2:^il-CJ^E-ri.ti: 
tfc. 7 r >'N';^:?7'<^F*ljgHSr;{'l-^Bfc^ -y^S-Jft 

[0 0 58] $<i>lC, ±ie7r^A'X:5'ytcffii.^^3fe7 

T A ^■^(^^^mm'i-mm^zi^yxmmtz^h z 

ktcio-C. 7r'fAx:J'7'i:3t^#«™ce^ 
[0059] mmz. lily 7 ^ J<x9':r\,zmx.tz±y 

7 ^ ^'i(D±imm'Fmmi>zti tts n rnm(m^ 

(^^T'liX^i:>±^<-t^Ztl,zJ:-^X. yr^f^Xi' 

zrt±m{i^=F^\,zimthmm.^^h:L t 

[ 0 0 6 0 ] *f|BBi. *f*o-«Kjfeifi#«t5g 
hi.oi,z±aA^9-^t <^>mmi:^th±^mW=t i'-A 

$ri2B-ri.i:i:itc, iEXU-7'c7)«{C!/>X^^J?f 
Uv:C:i:tcJ:^-C, l^yX^/l-rS-fflt^l.w i:^< . S 
BWfcV y Xfc ;^ 'J - 7'<7)+'i:«ll!i*J-S:t S c: fc c^r 
0. SUSlgS-fiSBMkL. ^nxvtth:ibifiXt% 

[03] *^Bjo3e^|i3l«ct>''A-;KOll2ie5tJeJSS- 
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(B) (A) fifCDAmeom^mmmThh, 

[05] (A) ti*||aSi7)3K^<*^i^'jL-;Pom4|| 
[06] (A) ( B ) (i*^BBcOflfic7)^JgJ^®^^1- Jg 

10 : U-bT^'^/P^ftc 
1 1 :3t3;r.^':J'§^i^ 
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